ABSTRACT: Since 1990, outbreaks of haemorrhagic septicemia, frequently associated with keratitls, have occurred on gilthead sea bream Sparus aurata, farmed along the French Mediterranean and Atlantic coasts. Several bacterial isolates obtained from diseased sea bream, sea bass Dicentrarchus labrax, and turbot Scophthalmus maximus showed phenotypic similarities with the Pseudomonas anguilliseptica Mlakabayashi & Egusa, 1972 type strain NCIMB 194gT The French isolates were con~pared with the type strain by determining levels of deoxyribonucleic acid (DNA) relatedness (S1 nuclease method), guanine + cytosine content (thermal denaturation method), and by performing phenotypic tests. All of the isolates formed a tight genomic species with higher than 90% DNA relatedness to the type strain. This study demonstrates the phenotypic and genomic homogeneity of P. anguilliseptlca and confirms that this bacterial species exhibits no host specificity. It thus represents a potential hazard for many farmed fish species and could cause serious economic losses.
Pseudornonas anguilliseptica was originally isolated by Wakabayashi & Egusa (1972) from pond cultured Japanese eels Anguilla japonica suffering from 'sekiten-byo' (red spot disease). This bacterial disease caused mass mortalities during early summer 1971 in Japan. Since then, P. anguilliseptica has been recorded from European eels Anguilla anguilla in Taiwan (Kuo & Kou 1978) . In Europe, the pathogen was isolated in Scotland (Stewart et al. 1983 ) and later from Danish eel farms (Mellergaard & Dalsgaard 1986) . The disease was also reported from other fish species: black sea bream Acanthopagrus schlegeli (Nakajima et al. 1983) , ayu Plecoglossus altivelis (Nakai et al. 1985) , salmonid fish (Wiklund & Bylund 1990 ) and more recently from wild Baltic herring Clupea harengus membras (Lonnstrom et al. 1994) . The bacterium was first isolated in 'Addressee for correspondence France by Michel and coworkers in 1992 from European eels reared in fresh water.
Since 1990, outbreaks of haemorrhagic septicemia, frequently associated with keratitis, have occurred during winter in farmed gilthead sea bream Sparus aurata along the French Mediterranean and Atlantic coasts. The disease was only observed at water temperatures below 16°C and the highest mortality occurred at water temperatures in the 9 to 13OC range. Abdominal distension causing a so-called 'belly-up' syndrome was often observed. Petechial haemorrhages were noticeable on the skin and the liver but the lesions observed in these outbreaks were less severe and extensive in comparison with the histopathology described in the Japanese (Miyazaki & Egusa 1977) and European eel (Ellis et al. 1983) . The bacterium was observed in blood smears and in some of the superficial dermis histological sections. Very recently, the disease was also noticed in farmed turbot Scophthalrnus maximus and sea bass Dicentrarchus labrax in France.
Bacterial isolates obtained in pure culture from head-kidney and spleen appeared very similar in all of the outbreaks. Studies carried out to confirm that the isolates were Pseudornonas anguilliseptica are reported here.
Materials and methods. The bacterial isolates included in this study are listed in Table 1 along with their source. The type strain of the species Pseudomonas anguilliseptica NCIMB 194gT was also included in all of the tests as a reference strain.
The primary isolation of the bacteria was made on trypticase soy agar (TSA, bioMerieux, Charbonnieresles-Bains, France) at 22°C. Gram staining was performed on tissues or blood smears and checked again on purified cultures. The general procedures described by Le Minor & Veron (1989) and Carbonnelle & Kouyoumdjian (1987) were used at 22°C to perform the basic tests, unless otherwise stated.
Dis aquat. Org. Motility was investigated in wet mounts and hanglng drops piepared from tryptlcase soy broth (TSB, bloMerieux) after lncubat~on at 15°C according to the recommendations of Wakabayash~ & Egusa (1972) As growth of Pseudornonas anguillisept~ca on manne Anacker 81 Ordal agar (mAOA) seems to enhance motility (H Wakabayash~ pers comm ), motillty was also checked on bacteria grown on mAOA slants AOA is composed of 0 05 % tryptone, 0 05 O/o yeast extract, 0 02% beef extract, and 0 02% sodlum acetate ( A n a c k e~ & Ordal 1955), mAOA is prepared cvlth 60nr1 seawater. The presence of flagella was checked by light microscopy after stalning as described by Kodaka et al. (1982) , and by transmission electron microscopy: cells suspended In saline were placed on Formvarcoated grids, flxed, negatively stained with 1 % ammonlunl molybdate (pH 4.5), and observed with a Ph~lips EM12 transmission electron microscope operated at 80 kV
The following tests were performed on the 13 French isolates and on the type strain using commercially available media (Diagnostics Pasteur, Marnes-laCoquette, France): respiratory metabolism; production of cytochrome oxidase, catalase, indole (Kovac's reagent), and urease; O/F test (modified Hugh & Leifson's medium, MEVAG); fermentation of lactose and glucose and production of H2S (Kliger's medium); reduction of nitrate (1 % nitrate broth); utilization of sodium citrate (Simmons' medium); tolerance to temperature (5, 30, and 37°C) and salinity (0, 1, and 3 % NaC1) in l % peptone broth; o-nitrophenyl-P-D-galactopyranoside test; degradation of aesculin, Tweens 20 and 80 (according to Sierra 1957) , DNA, casein (10% skim milk TSA), and starch (0.5 % soluble starch TSA). Gelatin degradation was tested for by the film method (Le Minor & Piechaud 1963): a strip of exposed photographic film was partially immersed In a thick bacterial suspension in saline, and the possible liquefaction of the thin black gelatin layer was observed after a 4 d incubation. Enzymatic profiles were determined in API ZYM galleries (bioMerieux) incubated overnight at 22°C.
The Pseudornonas anguilliseptica type straln NCIMB 194gT was used to prepare a specific rabbit antiserum: saline suspensions containing increasing concentrations of formalin-killed bacterial cells were injected intravenous1.y. Live cells of all of the isolates were tested in a rapid slide agglutination test against the non-diluted anti-Pseudornonas anguilliseptica serum. The agglutinin titer o[ the serum against homologous antigen was 1/128.
Previously described methods were used to extract, purify, and shear unlabeled DNAs (Brenner et al. 1982) . The procedure used for in vitro labeling of DNA with a tritium-labeled nucleotide ([1',2',5'-3H]dCTP, Amersham, TRK625) has been published by Grimont et a1 (1980) , and modified by using a Megaprlme kit (Megaprime DNA labeling system, Amersham, RPN1606). The method for hybridization experiments (S1 nuclease-DE81 method) has been described by Popoff et al. (1981) .
The guanine-plus-cytosine content (G+C:b) of the bacterial DNAs was determined by the thermal denaturation method and calculated using the equation of Marmur & Doty (1962) as modified by De Ley (1970).
Results and discussion. In pure culture, the isolates examined exhibited slow growth on TSA, producing tiny translucent non-pigmented colonies. The results of the phenotypic tests performed on the 13 French isolates are shown in Table 2 , together with the characteristics of the type strain NCIh4B 194gT. From this limited range of classical phenotypical tests, the French isolates proved very similar Because of their rod shape, Gram-negative staining, polar flagellation, strict aerobic respiration, and production of cytochrome oxidase, these isolates were placed in the genus Pseudomonas. On the basis of morphological, physiological, and biochemical characteristics they were tentatively identified as P. anguilliseptica.
In the course of this study, motility was not observed in hanging drops and wet mounts prepared from cultures in TSB. However, it was possible to observe motility with some of the isolates grown on mAOA slants; flagella were observed by light microscopic (1979) , highlighting the possible variability of this characteristic. Thus, in reporting a culture as non-motile, the test conditions must be precisely specified and the culture should be shown to lack flagella. Very few phenotypic discrepancies occurred among the isolates tested in the course of this study. The ability to grow in a 0% NaCl peptone medium was exhibited by all of the isolates. This result was consistent with the data available for the type strain NCIMB 194gT from Wiklund & Bylund (1990) and Lonnstrom et al. (1994) . However, in the original description of the species (Wakabayashi & Egusa 1972), no growth in 0 % NaCl was recorded. Salt tolerance is usually determined using a nutrient broth supplemented with 0.1 %, MgC12, and containing different NaCl concentrations (Wiklund & Bylund 1990) . The requirement for elements such as Mg", Ca" or K+ by many bacteria isolated from the marine environment has been reported (Bertrand & Larsen 1989) . Different concentrations of these elements in the media used for testing the ability to grow without NaCl could thus explain the discrepancies between data from different authors. However, Lonnstrom et al. (1994) showed that Pseudornonas anguilliseptica was capable of growing on Anacker & Ordal's medium, which contalns relatively low amounts of nutrients and which was not supplemented with NaCl.
The French isolates and the type strain proved unable to hydrolyze gelatin with the film method. Most Pseudomonas anguilliseptica isolates from salmonid fish studied by Wiklund & Bylund (1990) also failed to hydrolyze gelatin (method used unspecified). However, these authors as well as Wakabayashi & Egusa (1972) found the type strain NCIMB 194gT to be positive for this test. Michel et al. (1992) observed that P. anguilliseptica strains initially capable of hydrolyzing gelatin readily lost this property after subculture. Dis. aquat. Org. 21: 151-155, 1995 
The base composition of the DNA of 7 repre-2-Naphthyl-phosphate 2-Naphthyl-butyrate sentative isolates (JIP 02/92-l to 4 and 13/92-1, 2, 2-Naphthyl-caprylate and 4) and of the type strain NCIMB 1 9 4 9~ was in Table 3 . API 2Yx.l prof~les of the 13 French isolates and of the available from Nakai et al. (1981) with this antiserum for posslble cross reaction: no cross reaction was observed.
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-~a~h t h~l -m ; r i s t a t e
"API reaction scores 0 and 1 were considered negative; scores 2 to 5 were considered positive "9 of the 13 isolates tested gave a negative result the 59 to 61 mol'!:, range as previously determined for the type strain a n d 2 Pseudornonas anguilliseptica isolates from eels using high pressure liquid chromatography (Michel et al. 1992) . The lower G+C content published by Stewart et al. (1983) has been discussed elsewhere (Michel et al. 1992) . The DNA-DNA hybridization studies showed that the 7 selected French isolates were more than 90% related to the type strain NCIMB 1 9 4 9~. With the method used in this study, 2 bacterial isolates are considered to belong to the same species when their DNA relatedness is at least 70%. A more robust definition (80% related.ness) was given by Grimont (1988) ; because our isolates complied with this definition, we felt no need for studying the thermal stability of the DNA hybrids.
Our phenotypic and genornlc investigations Another discrepancy should be pointed out in thus demonstrated that the French isolates belong to Table 2 : DNAse production was found to be positive the species Pseudomonas anguilliseptica. This bacterfor the French isolates and the type strain, but was ial species a.ppears very homogeneous as no characterreported to be negative by Lonnstrijrn et al. (1994) . As istics capable of distinguishing the French stralns from the method they used was not specified, it is possible the type strain NCIMB 1949T were found. that the discrepancy was d u e to the use of different
To investigate the pathogenicity of the isolates, some methodological approaches. preliminary experimental infection tests were perThe enzymatic profiles in API ZYM galleries a r e preformed on several 10-fish groups of 40 g sea bream sented in Table 3 . The profiles of the 13 French isolates (J.-F. Pepin pers. cornrn.). Bacterial suspensions at difwere found to be very similar, except for the N-benferent concentrations (1 x107 to 4.8 x107 CFU fish-') in zoyl-DL-arginine-2-naphthylamide test. The only dissaline were inoculated by 3 routes: intraperitoneal crepancy with the profile of the type strain occurred injection, subcutaneous injection, and swabbing after with 2-naphthyl-myristate: this substrate was hydroscarification. All of the challenged fish died within a lyzed by the type strain but by none of the French isofew days without exhibiting any external signs of dislates.
ease and the bacterium was reisolated from all of the The slide agglu.tination reaction with the antiserum dead fish. Jn contrast, unchallenged controls all surraised again.st the Pseudomonas anguilliseptica type vived. strain was positive with all of the French isolates. An
The Pseudomonas anguilliseptica infections are a antiserum was also raised against a French P. anguilcause for concern because the mortality is persistent liseptica isol.ate from sea bream not included in this and treatment is only partially effective. The bacterium study (M. Vigneulle pers. comm.); the slide agglutinawas isolated from several farmed fish species and tion reaction was positive with all of the French isolates exhibits no host specifici.ty. Since its first identification studied here, while the type strain did not agglutinate in Japan 22 yr ago, P. anguilliseptica has been found to with this antiserum. As 2 different serotypes of P. occur in Scotland (Stewart et a.1. 1983) , Finland (Wikang~lilliseptica have been observed in Japan (Nakai et lund & Bylund 1990) , Denmark (Mellergaard & Dalsal. 1981) , it is possible that the French isolate used for gaard 1986), and France (Michel et al. 1992) . Large preparing the antiserum was of a. different serotype portlons of the European coast seem to be affected; than the type strain. Taking into account other data thus, this fish pathogen should be a growing source of concern for marine aquaculture in Europe. Moreovel-, because this widespread pathogen was recently isolated from wild fish (Lonnstrom et al. 1994) , there is a need for further epizootiologic studies on P. angullliseptica.
